This paper presents the electromagnetic interface (EMI) impact on the current transformer with amorphous HB1-M core, printed circuit board (PCB) power transformer and the filter of inductor for Internet of Things (IoTs) device. According to the antenna principle, the radiation emission power responses of PCB transformer and current transformer are estimated and found to be negligible due to the EMI experimental report. Based on this reason, consideration of the amorphous core in design manufacturing and EMI filter development is indispensable. Thus, the current transformer of amorphous HB1-M core is annealed at 350°C and soaked for 1.5 h. The simulation results of electromagnetic field show an EMI impact on filter performance. EMI frequency between 50 to 400 MHz for filter is found to be suitable for PCB. Experimental results have confirmed that the application of PCB transformer with HB1-M would be performed as well in high permeability and sensitivity.
INTRODUCTION
Internet of things (IoTs) is the network of devices, and recent research proposed a performance degradation of IoTs communications in smart cities by using a new routing algorithm to improve them. This study has figured out an algorithm defined as smart and self-organised routing algorithm (SSRA), which can be selected as the best route for the packets and for which SSRA can be extended to the devices lifetime by parameter of fair and efficient energy consumption (Hamrioui et al., 2018) . Due to this reason, the IoTs growing popularity is gaining more attention as the security and sensitivity problem in IoTs device applications and sensor-based threats to IoT devices is developed. A comprehensive survey of IoTs devices with current sensors and sensor management themselves adopted in commodity IoTs system can be obtained (Math´una et al., 2012; Yamaguchi et al., 1993) . A common development approach in metering and protective relaying for smart grid and power substations is useful where it facilitates the safe measurement of large currents, often in the presence of high voltages (Brunet et al., 2002) . Also, some case in electronic circuit application and minor current signal detection is not only provided typically in signal measurement but it can transmit stable signal by using communication system and support analog-digital signal to enhance receiver to user application (Lu et al., 2010) . Actually, development of electronic circuit to surround electromagnetic signal impact on the device is not easily measured. The study by Jia et al. (2011) contains useful background information on switching power supplies (SPS) for various fields of application in industrial and commercial environments for driving MOSFETs in switching power supply. The modern trends in industry for maximum power density performance at minimum cost depend on higher power efficiency, and should be considered consistently. Besides, it is well-known that basic principle of SMS is satisfied with several characteristics including fast switching of high current and voltage signals within power converter systems. Electromagnetic interference (EMI) problems become a more critical problem due to the compromise between efficiency and power density (Hui et al., 1999a, b) .
It is interesting to discover that because of special theory of relativity, electric and magnetic fields are two aspects of the same phenomenon depending on a chosen reference device structure of observation; also, the printed circuit board (PCB) with magnetic core device performed SPS induced significant EMI source which faces their intrinsic switching properties and the generated EMI noise levels. Moreover, electromagnetic compatibility (EMC) regulations need to satisfy the following rules, for example, line-current harmonic standards and IEC 61000-3-2 (Orlando et al., 2006) . Once the electronic device from customer meets these standards, it should then be considered that the different EMI mitigation and harmonic line current reduction techniques for preventing damage of product design is significantly important (Hui et al., 1999a) . Besides, EMC analysis represents an important step of the overall SMS design procedure to assure both low EMI emission and high power quality.
Regarding the current and voltage sensing in power electronic converters (Beghou and Costa, 2018) , it has been demonstrated that the converter in electromagnetic interference is associated with an electromagnetic field characterization analysis by using the inverse Fourier transform method. It has combined two structures with a circuit analysis that enable prediction of the necessary parameters to be achieved with the current programmed to control the chosen parameters. Another research in new integration circuit (IC) development (Lin et al., 2017) , has successfully proposed an improved method upon the probe structure specified with IEC 61967-4 standards to measure the convenience noise from IC pins. The magnetic field probe, TEM cell, and CISPR 22 showed limitation only at a 10 meter far-field distance measured environment used to make a comparative analysis and to verify the practicality of the improved probe. The common-mode (CM) LC modules and difference-mode (DM) modules of the planner EMI filter are presented (Wang and Xu, 2014) . The electrostatic field model and the harmonic magnetic field model of these modules are established, respectively. The inductance and resistance depending on experimental results are shown to be very closely related to frequency. Thus, consideration of the skin effect of the conductors and the eddy current loss of the magnetic core can be measured. Also, both the DM and CM inductance in leakage layer are very small, independent of frequency and can be validated.
However, aforementioned discussion for power station with IoTs device in running a more stable quality signal transmission under EMC/EMI has not yet been fully explored. This paper is organized as follows. The characteristics of soft material with amorphous core HB1-M, and EMI absorber of variable resistor (also named as varistor) is introduced in Section II. Experimentation results is discussed in Section III and Conclusions is introduced in Section IV.
MATERIAL PROPERTY AND EMI FILTER DESIGN SIMULATION
High sensitivity soft core with amorphous HB1-M Amorphous alloy with HB1-M and SA1 is made by Hitachi company in Japan. In this product, the physical characteristics include HB1-M and SA1 with thicknesses of 0.025 m  and widths of 20 mm.
Besides, both magnetic cores annealed at 320°C (for HB1-M) and 350°C (for SA1), and was soaked for around 1.5 h. According to a previous research (Hsu et al., 2013) , amorphous magnetic properties during crystalline, re-crystalline phase and microstructure surface, are detected by using vibrating sample magnetometer (VSM) and X-ray diffraction (XRD). In Figure 1a , it is shown that a vibrating-sample magnetometer (VSM) used to measure magnetic properties of soft material such as amorphous alloy include parameters of saturation magnetic induction corecovity and magnetic remanence , respectively. B-H curve or hysteresis loop happen because an external magnetic field was applied to a ferromagnetic material such as amorphous alloy or silicon steel and the material atomic dipoles will align themselves with it. VSM is used to measure the hysteresis loop, thus becoming a very simple and fast method to characterize magnetic materials. The hysteresis curves and their properties , , and indicates the point of view. The B-H loops at room temperature of the investigated alloy Hitachi Co, amorphous alloy SA1 and HB1-M were measured at a constant frequency ( ), and the results are presented in Figure 1a .
By using XRD, the crystallization behavior effects on magnetic property of Fe-based amorphous alloys were studied. In Figure 1b , X-ray diffraction (XRD) measurement is a method to investigate microscopic properties, such as crystal structure, orientation and deformation. Generally, this study has carried out the and structure in amorphous alloy during and after the annealing procedure to validate the soft magnetic properties of the sensor cores.
Also, in Figure 1c , the scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS) are equipment for detecting chemical elemental composition and mapping material components. The SEM/EDS microscope system can be used for examining amorphous material in micro-scale or nano-scale features where it can be magnified into macro-vision up to 300,000x and to detect chemical composition in or on the surface of amorphous material sample. Then the amorphorous magnetic sensor structure can be shown as in Figure 2 .
Design of EMI filter and FEA simulation
EMI noise sources within power-line or radiation emission of ) and the pulsating voltages of the phase nodes ( ⁄ ) are defined. The common (CM) and differential (DM) noise sources as well as the corresponding noise propagation paths are shown in Figure 3 .
According to the aforementioned discussion, the power system with communication PCB device for varistors within EMI filter function has been considered. The design of practical EMI filter of varistors is based on the selection of an appropriate core and winding configuration. The varistor need to withstand the rated current without saturating while simultaneously providing the required CM/DM noise attenuation. The core of varistor is chosen from a typical material. Also, the permeability curves referred to by datasheets or impedance measurements. EMI analysis is performed as follows: firstly, EMI noise sources is defined, including identifying fast rates of change of currents ⁄ and voltages ⁄ . Next, focus should be on noise propagation paths, like CM/DM conduction paths. Then, most important effort is put on design of an EMI filter. PCB identification should be performed in areas of occurring higher frequencies and more than a few MHz, leading to unwanted electromagnetic behavior. Before that step, it is well-known that numerical techniques for power varistor and electronics component applications are simulated by finite element analysis (FEA) as shown in Figure 4 .
The finite element analysis (FEA) is a numerical method for solving engineering problems. For this reason, it can be deal for typical problems that include electromagnetic potential, heat transfer, structural analysis, fluid flow and mass transport, respectively. So, this method can be used generally in resolving the above-mentioned and boundary value problems for partial differential equations. Figure 4 revealed that the varistor component under electrical potential situation is simulated by FEA, which include results on model edge, electric field by slice, iso-surface, FEA boundary, electric field arrow, and electric field streamline, respectively. It can be shown that the surge absorber is used as resistant to the surge wave from power source impact on PCB circuit. From the FEA results, positive and negative charges can be arranged in space for easy viewing of the simulated result for electric field and electrostatic potential of the variable resistance performance. It can be used for observing and plotting of equipotential lines, and also discovering their electric field variable conditions which apply to the varistor in resistance surge wave from power line under operation frequency situation.
Consideration of emission radiation
The current transformer with amorphous core in dimension of shape is made by higher permeability and magnetic flux density of HB1-M. The transformer winding for each wire turn can be regarded as a loop antenna response. Next, to simplify the radiation from the outermost turn, the radiation range is only around radius of 15 mm. It should be noted that the radiation efficiency and average radiated power increase with the radius of a loop antenna is considered. Once the current flows in the loop at an angular frequency, it can be expected that the energy in the air should be affected by radiation response. The radiation intensity is expressed as follows (Lee, 1984 :
where is the current in the loop; is intrinsic impedance of the medium, with √ ⁄ ⁄ ; is defined as ⁄ ⁄ is the radius of the loop; is speed of light ( ⁄ ) and is radiation angle. Then, the operation frequency for radiated power is expressed as follow. 
It can be shown that the above formula for radiated power depends on several parameters like the current , power of the operation, the dimension, radius of the structure and the operating frequency . The radiated power drastically increases with increasing frequency and the dimension of the radiating structure. According to the antenna principle, if the loop radiator have a good response due to a radius dimension, this is the order of magnitude close to the wavelength of the radiated signal.
EXPERIMENTAL AND SIMULATION RESULTS
This study has revealed that reduction of the emission noise result on PCB can be simulated by FEA and measured through experiments based on the alternating current power lines with various types of noise. Then, when the voltage level and rise time causes the noise, it will induce noise impact on PCB device by three signals from power line. First, a higher frequency noise that mainly consist of the harmonic components of high frequencies switching device. Further, EMI noise is induced by switching noise to impact voltage level with relatively lower value from mV to tens of mV and higher. Another problem is the impulsive noise. It will generate that noise due to the switching time or motor devices. Usually, voltage level reaching around several thousand voltages could be generated. For surge noise, lightning impulse produces larger amount of energy as well as very high voltage and current. The peak voltage may reach several tens of kV due to power line that usually generated that surge condition.
In this study, amorphous wound cores are applied in analog signal receiver position. Actually, there are many applications in power supplies, like high frequency Inverters or UPS for more effective noise suppression function caused by rapidly switching changes in current. Due to this reason, higher permeability of amorphous cores can allow for an excellent performance in the suppression of reversely recovery current signal from the on-off switching power or surge current from measurement environments. It is well-known that the saturation magnetic flux density is twice as high as Febased amorphous material than that of traditional silicon steel material. It can be summarized as two factors with higher pulse permeability and lower core loss that are comparable to other iron steel. Based on this, Fe-based amorphous core can offer higher performance in suppression of surge current and voltage.
Regarding soft core operation on EMI environment, it can be seen that PCB transformer with amorphous magnetic core in power electronic circuits is addressed. Figure 5a shows that the FEA simulation results of RF wave are shielded by metal material. It supports a concept for design consideration of the IoTs container. Also, emission testing environment and shield of IoTs device is shown in Figure 5b which displays an exact experimental environment having a high energy emission from antenna device. Besides, the definition of electromagnetic interference (EMI) or radio-frequency interference (RFI) is for radio frequency spectrum under a disturbance generated by an external source that affects an electrical circuit due to the electromagnetic induction, electrostatic coupling, or conducted situation. This disturbance (noise) might affect the performance of the circuit or could stop the device operation at normal function. EMI problem can emanate from man-made and natural sources that generate changing electrical currents and voltages. Significantly, the EMI noise can be caused by many factors including lightning, solar flares, ignition systems, and mobile phones, respectively.
Thus, the EMI conducted interference is organized as follow: the first is for conducted EMI caused by the physical contact of the conductors as opposed to radiated EMI which can be caused by induction due to no more physical contact of the conductors. By radiation emission, lower frequencies of the EMI are caused by conductors at higher frequencies. Also, the EMI can through the ground wire affect an electrical facility directly. In this study, EMI test follows the International Electrotechnical Commission (IEC) standard 61000 to perform the testing procedure and also satisfactorily operate at frequencies between 50 to 400 MHz.
Therefore, according to the antenna principle, the performed EMC/EMI experiment indicates that the PCB transformer with amorphous core under consideration showed a radius much smaller than that of the wavelength of the operating frequency. Due to the original property of amorphous core, it is understood that lower coercivity, higher permeability and magnetic flux density compared with traditional silicon steel core can be used to prevent electrical pollution of EMI affecting the response of the magnetic sensing winding can be obtained.
Thus, the current transformer sensing winding extends a worse transmitting signal that is received from an outside antenna signal, with both signals radiated power energy that can be negligible, in this case, the EMI experimental results as shown in Figure 6 . Here, the testing results are passed since it performed under 50 to 400 MHz and below standard of 50 uV/m dB signal by itself. Both theoretical evaluation and experimental results indicate that the application of IoTs device in PCB transformer and sensing magnetic core can be suitable in power system. Finally, application of IoTs device within one of three-phase power transformer equipment, including detection, transfer signal, alternating signal converted by AC and DC, alongside cloud server to storage signal is shown in Figure 7 .
Conclusion
This paper presents the EMI impact on the current transformer with amorphous HB1-M core, printed circuit board (PCB) power transformer and EMI filter of varistor for Internet of Things (IoTs) device. According to the antenna principle, the radiation emission power responses of PCB transformer and current transformer are estimated and found to be negligible due to the experimental report of EMI. The major radiated EMI source in the frequency range between 50 to 400 MHz is found to be the filter of the power circuit, where antenna emission energy transients occur, rather than the PCB transformer. Experimental results have confirmed that the application of PCB transformer in electronic circuit might not be seriously an EMI problem on the power electronic circuit.
